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Abstract—Wireless Sensor networks is a network of low-
priced, small sized and energy constraint sensor nodes where 
each sensor node is programmed to sense the events and send it 
to the Base station using multi-hop communication. In almost 
all applications of Wireless Sensor Networks, event detection 
information is required along with the location of the event. 
Thus, to find the location of event, node localization plays an 
important role. Many researchers have put tremendous efforts 
in designing localization algorithms. In the literature, it is 
confirmed that DV-Hop algorithm and its variants are the 
most suitable range-free based algorithms for node 
localization, due to its cost effectiveness, simplicity and 
feasibility for medium to large scale networks, but these 
algorithms consume very high energy. The DV-Hop algorithm 
works in three phases. The first phase allows all the nodes to 
get their distance from few localized nodes called anchors in 
terms of hop. The hop is the count of neighboring nodes 
between two nodes. Then in second phase, the anchor nodes 
find out their approximate distances from every node. The 
third phase computes the location of node using the 
information obtained from first two phases and by applying 
trilateration method.  The high energy is consumed due to 
transmission of large number of packets in the first two phases 
by anchor nodes. In order to reduce communication overhead 
of the first two phase of DV-Hop, an improved DV-Hop is 
proposed that considers only k-hop transmission of the anchor 
packet which reduces the communication overheads to the 
large extent.  Simulation experiments and results prove that 
the proposed method reduces the energy consumption by 
approximately 50% compare to the traditional DV-Hop 
algorithm. 
 





A typical Wireless sensor network (WSN) contains a 
collection of low-priced, small, and energy constraint sensor 
nodes which are used to detect some events in the target 
area of the interest [1]. These sensor nodes identify event 
and pass this information to the base station by means of 
their neighboring nodes [1]. WSNs are broadly utilized for 
different applications, for example, military and national 
security application, environmental observing, health 
application, air control, pollution control, fire location, 
etc[1-2]. In most application of WSNs, any event data 
without its location is good for nothing. For instance, in 
military application, both event (intruder) and place 
(location) where intruder is recognized are required. In this 
manner, Localization is a critical requirement in almost all 
application of WSNs.  
In literature, numerous algorithms have been proposed in 
recent decade. According to cost, the localization algorithms 
have been arranged into two classes: Range-based and 
Range- free methods [3]. Range-based localization methods 
require costly equipment to localize the sensor node with 
high exactness. Some of Range-based methods are: received 
signal strength indicator (RSSI) [4], time of arrival (TOA) 
[5], time difference of arrival (TDOA) [6], and angle of 
arrival (AOA)[7], and so on. On the other hand, Range-free 
methods apply estimation techniques to decide node’s 
location and do not require any costly equipment. They 
utilize few anchor nodes that have knowledge about their 
position. There are many Range-free methods, for example, 
Centroid [8], DV-Hop [9], Amorphous [10], MDS [11] and 
APIT [12]. 
    Although Range-based algorithms give precise results, 
Range-free based method is favored because of their ease 
and less cost. In this paper, we concentrate on Range-free 
DV-Hop algorithm and its variants that are popular because 
of its simplicity, feasibility for small to large scale WSNs 
and useful for those nodes that are having less than three 
neighbors [13]. But, DV-Hop has a few drawbacks, for 
example, low localization precision, high power utilization 
and high communication overhead. In this paper, we have 
focused in reducing the communication overheads of the 
first two-phase of the traditional DV-Hop [9] algorithm and 
its variants by proposing an improvement to restrict the 
transmission of packets by using threshold parameter. 
Simulation experiments demonstrate that the proposed 
method reduces energy consumption approximately 50% 
when compared with traditional DV-Hop [9] algorithm. 
This paper makes following two contributions to the 
localization issue in WSNs:  
i) An improved DV-Hop is proposed that considers only 
k-hop transmission of the anchor packet which reduces 
the communication overheads to the large extent.  . 
ii) Performance analysis and its comparison with the 
traditional DV-Hop [9] and Weighted-DV-Hop [14] 
algorithm in terms of energy consumption are 
discussed in detail.   
   The remaining part of the paper is composed as follows. 
Section 2 gives the survey of related work. In Section 3, the 
proposed method is clarified. Section 4 shows the 
simulation results and main findings of the paper. At last, 
we put the concluding remarks in Section 5. 
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II. RELATED WORK 
 
A.  DV-Hop algorithm 
The DV-Hop was proposed by D. Niculesco et al. [9]. It 
can be described using three steps as described below. 
 
i. Getting the smallest number of hops  
In this phase, each anchor node broadcast an anchor 
message in the network. The organization of the anchor 
message is {id, 𝑥𝑖, 𝑦𝑖, hopsi}. The hopsi is used to find the 
shortest path between anchor and the node by counting least 
number of hops between these two. The beginning value of 
hopsi is 0 at the anchor. Each receiving node maintains an 
anchor data table and keeps the smallest number of hops 
from different anchor nodes in the table. After a time frame, 
all nodes in the system will have the smallest number of 
hops from every anchor node. 
 
ii. Estimation of the distance amongst Anchors and non-
anchor nodes 
 In this phase, the anchor nodes get distance of different 
anchor nodes in terms of hop count using Step 1 of DV-
Hop. After the first step, anchor node i finds average 
distance per hop (𝐴𝑣𝑔𝐻𝑜𝑝𝐷𝑖𝑠𝑡𝑎𝑛𝑐𝑒𝑖 ) by using smallest 
hops and distance between anchors. Formula for calculating 










         (1) 
 
Where m is quantity of anchor nodes, hopsi is the smallest 
number of hops between anchor nodes i and j, (xi,yi) and 
(xj,yj) are the locations of anchors i and j, respectively. 
Each anchor communicates its AverageHopSize to the 
entire system. Each non-anchor node gets all anchors’ 
AvgHopDistances and chooses the AvgHopDistancej of a 
nearest anchor as its AverageHopDistancej. In the end, it 
calculates the distance (di) from each anchor i by using Eq. 
(2) as follows: 
 
𝑑𝑖 =  𝐴𝑣𝑔𝐻𝑜𝑝𝐷𝑖𝑠𝑡𝑎𝑛𝑐𝑒𝑗 × ℎ𝑜𝑝𝑠𝑖              (2) 
 
iii. Estimation of location. 
   In the final step, the non-anchor nodes can estimate their 
positions by applying either trilateration [9] or 
multilateration mechanism [9].  
 
B. Improved Variants of DV-Hop 
Numerous researchers have proposed numerous 
improvements to improve performance of the DV-Hop 
algorithm. In this section, we have discussed some improved 
variants of DV-Hop algorithm. 
In [14], the weighted centroid based algorithm (Weighted 
DV-Hop) was proposed to reduce computational complexity 
and consumed energy of DV-Hop. It used the weight factor 
that was inversely proportional to smallest number of hops 
to find the location (xnb,ynb) of the non-anchor by applying 
















                   (3) 
 
where 𝑤𝑖 =  
1
ℎ𝑜𝑝𝑠𝑖
 , is the weight of each anchor i. The 
weight factor gives higher priority to nearest anchor. This 
algorithm has low computational complexity as it skips one 
step involving computing average distance per hop by 
anchors and broadcasting it to other nodes. Also, it 
consumes less energy due to broadcasting of fewer packets 
(required only for first step).  
Another improved weighted centroid algorithm (IWCA) 
was proposed in [14] which consist of three steps. The 
refinement is done in the second step by taking average of 
average-hop-distances (say, HopSize). In the third step, the 
weight factor is determined by applying Equation (4).  
 






                           (4) 
 
Where r is the transmission radius of the sensor node. 
This algorithm achieves higher localization accuracy, but 
consumes more energy due to broadcasting of more number 
of packets. 
In [15], G.Song et al. designed an improved weighted 
centroid DV-Hop (IDWCA). This algorithm uses Equation 







                            (5)  
 
In [16], the algorithm adds a fourth step (correction step) 
to enhance its localization precision.  In [16], one more 
algorithm was introduced that picks only three best anchors 
to locate a sensor node in the last step of the DV-Hop 
algorithm. In [17], the algorithm adds a minor change by 
taking the difference of average hop distance and 
transmission radius, while computing distance between 
nodes to get more accuracy. In [18], the algorithm adds a 
coefficient in the distance between various nodes to reduce 
error. In [19], genetic algorithm was used with DV-Hop for 
better accuracy. G.Song et al. [14] designed one more 
algorithm that substitutes hyperbolic method in the last step 
of DV-Hop to achieve better results in terms of accuracy. In 
[20], three algorithms were introduced. The first two 
algorithms added one more step that uses trigonometry to 
achieve higher accuracy. The third algorithm replaces the 
linear problem into non-linear problem in the last step and 
then solves it by applying quadratic programming method. 
In all above algorithms, the first two steps are same and 
consumes large amount of energy due to broadcasting. If 
somehow, this transmission is controlled, then energy 
consumption can be significantly reduced. 
Despite the fact that all the related work mentioned above 
improves the localization accuracy, but very few works have 
concentrated on reducing consumed energy. In this paper, 
we have proposed an improved DV-Hop algorithm which 
reduces the energy consumption of the network. 
 
III. PROPOSED METHOD 
 
In this section, we present an improvement in the first two 
steps of the DV-Hop algorithm, by restricting the 
broadcasting of the anchor message to few hops. The 
assumption used is that the anchor nodes are distributed 
uniformly in the WSN area and their percentage is at least 
10% of total nodes in the WSN. A detail discussion of 
improved DV-Hop is given beneath:  
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A. Improved DV-Hop Algorithm 
The proposed improvement in the DV-Hop algorithm 
works as follows: 
Step 1: In the first step, anchor packet is only forwarded 
to a specified number of hops from each anchor node. This 
specified number of hops is called threshold value which is 
defined as k- hops. By limiting the broadcasting of the 
anchor packet to a threshold value (i.e. k- hops), we can 
lessen the energy consumption of the network which relies 
on the number of packets transmitted in the network. The 
working of the first step is as follows: 
At first, each anchor node i communicates its position 
(xi,yi) to all non-anchor nodes  in the form of packet that are 
forwarded to a fixed number of hops i.e. k. . The packet 
constitutes <xi, yi, hopsi> information. The hopsi is 
initialized to 0. Each sensor nodes saves information about 
all the anchor nodes that lies in a threshold region in its hop 
table containing <i, xi, yi, hopsi> for each anchor i. When the 
packet is received by a particular node, the node verifies it 
with its hop table, and if the received hopsi value is less than 
stored hopsi value in the table and the hopsi is less than k, 
then it saves the new hopsi value in the table, and forwards 
the packet with incremented hopsi value to other nodes, 
otherwise it discards the received packet. In this manner, 
after the first step, all sensor nodes get smallest number of 
hops from all anchors that lie in their threshold region. 
Step 2: This step is like the second step in the traditional 
DV-Hop [9] algorithm with the difference that broadcasting 
is done within threshold region. Here, each anchor node i 
computes average distance per hop (AvgHopDistancei) 
utilizing Equation (1). The value of m in Equation (1) is 
number of anchor nodes that are within a threshold region. 
After this, each anchor node i communicate it to different 
sensor nodes that are within a threshold range (i.e. k-hop). 
By considering this improvement, the energy consumption 
is further reduced. The non-anchor nodes estimate their 
distance from anchor nodes by applying Equation (2). The 
sensor nodes now have distances from only those anchor 
nodes that are within threshold range. By restricting 
broadcasting to the threshold (only within k hops) range, the 
anchor nodes transmit now fewer packets and thus reduce 
energy consumption. 
Step 3: The third step is similar to the third step of the 
traditional DV-Hop [9] algorithm. 
Similarly, other variants of DV-Hop Algorithms can be 
improved by refining their first two steps. 
 
IV. SIMULATION RESULTS AND FINDINGS 
 
To prove the effectiveness of the improved DV-Hop and 
its variants, the algorithm is simulated in Matlab2013. In 
this section, we presented the results in terms of consumed 
energy. The consumed energy depends upon the number of 
packets transferred between nodes in the network. It may be 
expressed as: 
 
Consumed Energy = 2 × (𝑛 − 1) × 𝑚 × 𝐸𝑛            (6)  
 
Where n is total number of nodes, m is the total number of 
anchors, En is the average energy used to transmit a packet. 
The simulation experiment compares the proposed 
improved algorithm with other two algorithms (DV-Hop [9] 
and Weighted DV-Hop [14]) on the basis of consumed 
energy by changing total number of anchors. 500 nodes are 
deployed in a 500 × 500  WSN network and the 
communication radius is assigned to 100. The count of 
anchors is increased from 50 to 200 to see the effect on 
consumed energy for different values of threshold (i.e. k) 
value. Performance comparison between algorithms for 
different values of threshold (i.e. k) value is shown in Figure 
1 to Figure4. 
The simulation parameters used for the experiment are 
displayed in Table 1. 
 
Table 1 
 Simulation parameters 
 
Simulation Parameters Value 
WSN Area  500 × 500 m2 
Total Nodes 500  
Anchor Nodes Vary from 50 to 200 
Total iterations 50 
threshold value(k) Vary from 2 to 5 





Figure 1: Comparison by varying threshold value (total anchors=50) 
 
Figure 1 shows the performance analysis of the proposed 
improved DV-Hop with the traditional DV-Hop [9] and 
Weighted DV-Hop [14] algorithm in terms of energy 
consumption by varying the threshold value k from 2 to 5.  
In this experiment, total 500 nodes are deployed and 50 of 
them are anchor nodes. It is observed from the figure 1 that 
proposed improved DV-Hop algorithm takes less energy 
compare to the other two algorithms, traditional DV-Hop [9] 
and Weighted DV-Hop[14]. This is due to fact that proposed 
method transmits less communication overheads compare to 
the other methods.  
 During experiments, it is observed that for k=2, 
traditional DV-Hop [9] and weighted DV-Hop [14] 
transmits 50,000 and 25000 packets, respectively, whereas 
our proposed method broadcasts 10000 packets. As the 
value of k increases, the proposed method starts consuming 
more energy and is equal to Weighted DV-Hop[14] for k=5. 
Figure 2 shows the result for the WSN network with 100 
anchor nodes. It is shown that the proposed algorithms 
consume packets from 30000 to 50000 for different values 
of k. The proposed algorithm consumes almost 70% less 
energy for k=2 when compared with DV-Hop and 20% less 
energy when compared with Weighted DV-Hop. 
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Figure 2: Comparison by varying threshold value (total anchors=100) 
 
For the results as shown in Figures 3 and 4, the anchor 
nodes are raised to 150 and 200 respectively. The 
performance of the proposed algorithm is best for k=2 in 
terms of energy consumption. In Figure 3, the proposed 
algorithm improves by 66% in terms of energy reduction 
when compared with DV-Hop[9] and by 33% when 
compared with Weighted DV-hop[14 when k is equal to 2.  
Figure 4 shows that the proposed algorithm reduces energy 
by 75% when compared with DV-Hop[9] and by 33% when 
compared with Weighted DV-Hop[14] algorithm when k is 









Figure 4: Comparison by varying threshold value (total anchors=200) 
 
From the result as shown in from Figure 1 to Figure 4, it 
is proved that proposed algorithm performs better in terms 
of energy consumption.  It is also observed that the 
consumed energy in traditional DV-Hop [9] and Weighted 
DV-Hop [14] algorithms depends upon the total numbers of 
nodes and anchor percentage. Thus the consumed energy is 
constant for both algorithms in each experiment for fixed 
number of nodes and a fixed number of anchors. The 
Weighted DV-Hop skips packet transmission in its second 
phase, so it consumes energy equal to half as that traditional 
DV-Hop [9]. In the proposed algorithm, the consumed 
energy increases with the increase in threshold (k) value. 
Thus we should take the minimum value of k is 2 as an 
optimum threshold value to minimize energy consumption. 
It is also observed that with the increase in threshold value, 




This paper gives the summary of issues of DV-Hop 
algorithm and its variants. The primary issues are low 
accuracy and high energy consumption. In order to reduce 
energy consumption, we have proposed an improved DV-
Hop algorithm which reduces the power consumption by 
limiting the transmission of the anchor packet to the 
maximum k-hop. 
Through simulation results, it is demonstrated that the 
improved algorithm performs superior to other algorithms in 
terms of consumed energy. In the future, we will plan to 
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